We describe a large sample of 598 galaxy clusters and rich groups discovered in the data of the Faint Sky Variability Survey. The clusters have been identified using a fully automated, semi-parametric technique based on a maximum likelihood approach applied to Voronoi tessellation, and enhanced by colour discrimination. The sample covers a wide range of richness, has a density of ∼ 28 clusters deg −2 , and spans a range of estimated redshifts of 0.05 < z < 0.9 with mean z = 0.345. Assuming the presence of a cluster red sequence, the uncertainty of the estimated cluster redshifts is assessed to be σ ∼ 0.03. Containing over 100 clusters with z > 0.6, the catalogue contributes substantially to the current total of optically-selected, intermediate-redshift clusters, and complements the existing, usually X-ray selected, samples. The FSVS fields are accessible for observation throughout the whole year, making them particularly suited for large follow-up programmes. The construction of this FSVS Cluster Catalogue completes a fundamental component of our continuing programmes to investigate the environments of quasars and the chemical evolution of galaxies. We publish here the list of all clusters with their basic parameters, and discuss some illustrative examples in more detail. The full FSVS Cluster Catalogue, together with images and lists of member galaxies etc., will be issued as part of the "NOAO data products", and accessible at http://www.noao.edu/dpp/. We describe the format of these data and access to them.
INTRODUCTION
Galaxy clusters are important for the study of structure formation and evolution, and their distribution provides important constraints on cosmological models. The number density of rich galaxy clusters is sensitive not only to the comoving distance measure but also to the rate of growth of fluctuations and hence the matter density Ωm. The low matter density models predict larger fluctuations at earlier times, because the growth of structure ceases earlier. Using the Press-Schechter formalism (Press & Schechter 1974) this predicts more clusters of a given mass at high redshift. However, large uncertainties arise when using cluster surveys to constrain cosmological parameters due to systematic uncertainties in the modelling of cluster formation and evolution (Viana & Liddle 1999) . Any progress in this field depends strongly on the availability of large cluster samples cover-ing a wide parameter space, which require a multiplicity of selection methods. This justifies the large effort being invested into detection of these largest gravitationally bound systems by probing different regions of the electromagnetic spectrum.
Following the analysis of the first-year WMAP data the cosmological model can be studied with very high detail (Spergel et al. 2003) and combining the WMAP data with that of large surveys of galaxies (e.g. 2dF and SDSS), the cosmological parameters can be constrained with high precision (Hawkins et al. 2003 , Percival et al. 2002 . Nevertheless, the cosmological model remains undecided in the sense that the cause of the accelerated expansion is unknown. Parker, Komp & Vanzella (2003) , for example, point out the power of counts of clusters (or galaxies) as a function of redshift to address this fundamental issue. Abell (1958) constructed the first cluster catalogue by a systematic approach to the visual inspection of photographic plates. Zwicky et al. (1961 Zwicky et al. ( -1968 constructed another large catalogue, also using visual inspection. Improvement of the performance and accessibility of computers allowed the implementation of fully automated cluster algorithms (e.g. Shectman 1985 , Dodd & MacGillivray 1986 . Since spectroscopic information is limited to very small areas of sky or to low redshifts (e.g z ∼ 0.15 for the 2dFGRS, Colless et al. 2001) , the challenge for cluster detection algorithms is to reduce the projection effects using only photometric data. Postman et al. (1996) introduced a matched filter (MF) algorithm -a maximum-likelihood method, which assumes a filter for both the cluster radial profile and the luminosity function of the cluster galaxies. At the same time as improvements to the original MF resulted in the adaptive matched filter (AMF, Kepner et al. 1999 ), many other statistical and astronomical concepts found applications in galaxy cluster surveys. Voronoi tessellation (VT) has been applied very successfully in connection with thresholding of the density peaks (Ramella et al. 2001 , Söchting, Clowes & Campusano 2002 , Kim et al. 2000 , and recently improved by incorporating a maximum likelihood estimator (MLE, Söchting, Clowes & Campusano 2004) and colour discrimination (Kim et al. 2002) . Colour discrimination is based on the fact that members of all known galaxy clusters trace a narrow sequence in colour-magnitude -the cluster red sequence (CRS) -, which was first proposed by Gladders & Yee (2000) as a means to increase the contrast of galaxy clusters above background galaxies.
We have used the images and object catalogues from the Faint Sky Variability Survey (FSVS, Groot et al. 2003) to identify galaxy clusters and groups and hence create the FSVS Cluster Catalogue. (Note that our application, being very different from that for which the FSVS was created, is one example of the usefulness of the "Virtual Observatory.") The primary motivations for finding galaxy clusters in the FSVS data are the study of: (i) the galaxy environments favouring the formation of quasars, and hence the main mechanisms of formation as a function of redshift; and (ii) the chemical evolution of galaxies and dependences on environment. We chose VT, enhanced by MLE and a colourcut, to construct a morphologically-unbiased sample (Okabe et al. 2000 , Allard & Fraley 1997 , containing structures with a wide range of richnesses and evolutionary stages. The resulting cluster catalogue, containing ∼ 600 groups and clusters at 0.05 < z < 0.9, complements the existing samples which at intermediate redshifts are usually biased towards X-ray luminous and/or optically very rich clusters.
We describe the data from the FSVS in Section 2 and the cluster detection technique in Section 3. In Section 4 we present the properties of the FSVS Cluster Catalogue. Section 5 contains the basic tabular data for all FSVS clusters and describes briefly the on-line access to the complete catalogue data.
DATA
The FSVS provides a unique combination of spatial coverage and depth in three optical passbands with very high photometric and astrometric accuracy. The survey used the 2.5 metre Isaac Newton Telescope (INT) on La Palma to cover, in B, V and I, 79 fields of moderate to high galactic latitude sky (see Table 1 ), totalling ∼ 23 deg 2 . The limiting magnitudes are B ∼ 24.5 mag., V ∼ 25 mag., and I ∼ 24 mag. The completeness reaches a peak at B ∼ 24.0 mag., V ∼ 23.5 mag., and I ∼ 21.5 mag. (Figure 1 ). Owing to poor quality, four fields (nos. 7, 36, 51, 67) have been excluded from this investigation, leading to a final coverage of 21.75 deg 2 . For more information on the FSVS data products see Groot et al. (2003) and Huber (2002) . The photometry database for the FSVS is currently available for on-line access at http://www.astro.uva.nl/∼fsvs/.
Star-Galaxy Separation
Star-galaxy separation is carried out using the parameter stellarity, from the source detection program SExtractor (Bertin & Arnouts 1996) . It is based on the extended nature of the identified source and can have values ranging from 0 to 1, with 1 corresponding to a point-source. In Figure 2 we have plotted the stellarity as a function of magnitude for V data, which, benefiting from the variability sampling, has improved the signal-to-noise ratio using co-added multiple field pointings. The quality does vary from field to field, which is best illustrated by comparison of the best (Field 22), in terms of the depth, resolution and galactic latitude, and worst (Field 65) fields in the top and bottom plots of Figure 2 .
There is no obvious cutoff between point and extended sources but the empirical data from follow-up spectroscopy and matching to the SIMBAD/VizieR database supports the threshold of 0.8. It provides the best separation (Huber 2002) between stars (stellarity 0.8) and galaxies (stellarity < 0.8) to a high magnitude (V ∼ 22.0). As shown in Figure 3 , within the range of 0.75 to 0.85, the exact value of the threshold stellarity has little impact on the object selection. The number of selected galaxy-like objects varies by < 1% in most of the fields and < 3% in fields with data of lowest quality. Beyond these limits, however, the number of selected galaxy-like objects start to change more rapidly (depending also on the data quality for a given field) and may influence the contrast of galaxy structures above the background and consequently their detection rate. The redder objects (which are important for our study) appear to be much less sensitive to the choice of the stellarity threshold than bluer objects.
Stellar Contamination
At the faint end of the data (V > 22.0), the star-galaxy separation is increasingly unreliable and more and more stars are classified as extended objects. The relative contamination by stars at V > 22.0 among faint extended sources is expected to vary as a function of the galactic latitude owing to variation of the typical star counts. It can also vary from field to field owing to enhanced numbers of galaxies where rich clusters occur. For these reasons the contamination by stars at V > 22.0 has been estimated for every field separately. Using the magnitude distribution of point and extended sources at V 22.0 the relative contribution of point and extended sources has been determined as a function of magnitude. Figure 4 gives the magnitude distributions of all sources, point sources, and extended sources using Fields 18, 61 and 21, with galactic latitudes +22 • , +50 • , and +90 • , as illustrative examples. The distributions at 22.0 < V < 25.0 are extrapolated from exponential fits of the point-source Figure 2 . The stellarity as a function of magnitude in V . To illustrate the variation of the quality of co-added V frames, the best frame (Field 22), (in terms of the depth, resolution and galactic latitude), average frame (Field 03), and worst frame (Field 65) have been shown. and extended distributions for V 22.0, then scaled, for V > 22.0, according to the overall numbers of detected objects. The distributions show an obvious dependence of the stellar contamination on the galactic latitude. However, even at the lowest latitudes, galaxies substantially outnumber stars at the faint limits of the data (V > 22.0). Under the assumption that the star population at such faint magnitudes will comprise only a minority of the objects and that their spatial distributions are fairly uniform compared with those of the galaxies (see Jones et al. 1991 for the variance of star and galaxy counts), all faint objects satisfying stellarity < 0.8 have been included in the master database for identifying galaxy clusters.
METHOD
Our main concern in the selection of clusters was the avoidance, as far as possible, of selection bias by using nonparametric methods to minimise the assumptions about the properties of the clusters. Söchting et al. (2004) proposed Voronoi tessellation (VT) enhanced by a maximum likelihood estimator (MLE) to better delineate the boundaries of the clusters, plus colour discrimination to reduce the contamination from background galaxies. The use of colour information provides the additional bonus of relatively accu- Figure 3 . The impact of the threshold stellarity on the object selection. The increment of galaxy-like objects selected for stellarity values of 0.70, 0.75, 0.8, 0.85 and 0.90 (upper dotted, upper solid, dashed, lower solid and lower dotted lines respectively) is expressed in percent relative to the number of objects selected for stellarity value of 0.8. The effect is plotted as a function of the colour of the colour-magnitude filter (the CM filter will be described in detail later in this paper). To illustrate the variation of the quality of co-added V frames, the best frame (top, Field 22) and worst one (bottom, Field 65) have been shown. rate cluster redshifts deduced from the cluster red sequence (CRS, Gladders & Yee 2000) .
The technique has been described in detail by Söchting et al. (2004) , but with application to SuperCosmos BJ − R data, which, of course, is intrinsically different from FSVS data. The SuperCosmos data cover the whole of the southern sky using shallow (BJ < 23 and R < 21.5) photographic plates whereas the FSVS data cover a relatively small area with deep (B < 24.5, V < 25 and I < 24) CCD exposures. The BJ , R SuperCosmos data allow us to probe the redshift range z < 0.3 across wide areas of sky, whereas the FSVS Cluster Catalogue can reach z ∼ 1 but only across relatively small fields. Consequently, the low redshift (z < 0.3) galaxy clusters and superclusters are best detected using the SuperCosmos Sky Survey (or, for example, the Sloan Digital Sky Survey in the north) whereas the FSVS data are best suited to finding galaxy clusters at intermediate redshift (0.3 < z < 1) and poor groups at z < 0.3.
These differences demand enhancements beyond the Söchting et al. (2004) method, focusing on using colour discrimination to improve the contrast enhancement over the large range of redshifts covered by the FSVS data. The Monte Carlo test of the detection rate (including completness and false detections) published in Söchting et al. (2004) as a function of contrast are independent of colour and remain fully valid for the FSVS data.
Voronoi Tessellation Technique
VT provides a partition of the investigated area into convex cells around every galaxy ( Figure 5 ). The inverse of the area of a Voronoi cell gives the number density at the position of the galaxy. Since only the spatial structure of the galaxy distribution decides the sizes of the cells, VT provides a non-parametric method of sampling the underlying density distribution.
Galaxy clusters are detected as peaks in the galaxy density (δ) distribution. The simplest approach to locate the density peaks is to select objects that exceed a threshold Söchting et al. 2003) . For more information on Voronoi tessellation see Okabe et al. (2000) and references therein.
σ for the density contrast with respect to the background. The density contrast σi at the position of the ith object is defined as
where δi is the density andδ is the mean density. One should remember that using Voronoi cells the mean density is calculated as
where Ai is the area of the Voronoi cell around object i and n is the overall number of objects. Until now this approach has been applied in all VT-based procedures, producing good results (Ramella et al. 2001; Kim et al. 2002; Söchting, Clowes & Campusano 2002) . Thresholding, however, introduces a bias towards clusters in regions of enhanced background, because it is not locally adaptive. Söchting et al. (2004) proposed an enhancement to this approach through a maximum likelihood estimator (MLE). Following the mathematical framework proposed by Allard & Fraley (1997) , the log-partial-maximised-likelihood of a set of galaxies to be a cluster can be expressed as
where |A| denotes the normalised area of the cluster (the physical area of the cluster A divided by the physical area of a FSVS field K) and NA is the number of cluster member galaxies. By constructing A from Voronoi cells we ensure that any spatial constraints are defined by the data points themselves.
Without advance knowledge of the number and approximate positions of clusters in the data set, the MLE is very computationally intensive, losing the speed advantage of the basic VT. To accelerate the computation, the thresholding is preserved, but as a preliminary step (to produce a candidate list for the MLE algorithm), and MLE is used in the main process to reduce false detections (spurious clusters) and find the member galaxies in the confirmed clusters. The application of the MLE allows us to choose a rather low threshold, ensuring that the poor clusters in the regions of lower background density will be included. If the density of the cluster galaxies is δ cl and that of the background galaxies δ b then the contrast is
Since δ cl = NA/A andδ b = (n − NA)/K this becomes
Then, since A/K = |A|, the contrast of a cluster is
Assuming that the overall number of objects in the sample is very high compared with the number of cluster members, the size of an average Voronoi cell in a cluster is approximately
Using synthetic clusters, Söchting et al. (2004) have determined that the best performance is achieved by a threshold of σ = 2.0 (i.e. all cells satisfying Ai 1/(2.0 n) are selected), achieving a detection rate of the synthetic clusters close to 100% with contamination by spurious clusters less than 30% of the overall number of clusters detected.
To suppress chance associations, groups with fewer than seven members present in the final cluster sample (after applying MLE) have to be discarded. The minimum number of members has been dictated by basic statistical properties of Voronoi tessellation. Assuming a Poisson distribution, the mean number of vertices/edges of a typical cell is 6 (Okabe et al. 2000) , marking the natural threshold for random associations. Poor galaxy groups, which are all affected by this constraint, will be addressed in future work, using a somewhat different technique.
Colour Discrimination
The cluster detection rate and the contamination by spurious clusters depend strongly on the contrast of clusters above background, which can be increased by applying a colour discrimination. The use of colour slices was proposed and tested by Gladders & Yee (2000) . The colour-magnitude slices used by Söchting et al. (2004) with BJ and R data have proved appropriate for detecting galaxy clusters at low redshifts (z < 0.3), where the slopes and zero-points of the CRS are well known. At higher redshifts, the majority of the known galaxy clusters have been discovered by X-rays, and only a few of them have well-studied photometric properties. Beyond z ∼ 0.5 the theoretically predicted parameters of the CRS are highly dependent on the selected models (Kodama et al. 1998) , and would introduce a strong bias if incorporated in an algorithm for detecting clusters. The wide range of redshifts expected to be covered with FSVS data requires the introduction of a broader colour-magnitude filter to accommodate the strong variation of the parameters of the CRS. The shape of the filter must accommodate: (1) at low redshift (z < 0.3) the population of faint cluster galaxies, Figure 6 . Example of a colour-magnitude filter (the polygon) used to enhance the contrast of galaxy clusters in the FSVS data. Asterisks denote galaxies that are identified as cluster members -they are within both the cluster boundary and the colourmagnitude filter; pluses denote galaxies within the cluster boundary but outside the colour-magnitude filter.
for which the colour distribution is broader than that of the bright cluster spheroids; (2) at higher redshift (z > 0.3), where only the bright cluster galaxies are detected, the uncertainty in the slope of the CRS. Figure 6 illustrates the shape of the filter we have adopted.
The filter is narrow at the bright end of the I axis and gradually widens towards bluer colours at the faint end, enclosing a locus known from the galaxy distribution in low z clusters. The purpose of the filter is to maximize, at any given redshift, the contrast of a galaxy cluster above the background, sometimes at the expense of some cluster galaxies staying outside the selection (e.g. the brightest members of the richest clusters at z < 0.2, or a large fraction of the blue late-type galaxies). By moving the filter up the colour axis in ∆(V − I) = 0.05 steps, higher redshifts are probed. The filter is not moved along the luminosity axis (I), contrary to any expected allowance for galaxies becoming fainter with increasing redshift. Instead, the position of the filter remains unchanged with respect to the I axis, allowing the bright galaxies of the higher redshift clusters to fall within the wider region of the filter, which accommodates a wide range of CRS slopes.
The Cluster Detection Algorithm
The MLE procedure to find galaxy clusters has been applied to every FSVS field separately. No attempts have been made to apply it across the boundaries of adjacent fields because of potential difficulties if the depths are different. In most cases, clusters that cross boundaries will be recognised and united in the later stages when multiple detections are consolidated.
The detection algorithm consists of the following steps.
(1) Select all objects for which (V −I) and I satisfy the criteria of the first colour filter. (2) Calculate the Voronoi tessellation for this selection. (3) Find which Voronoi cells satisfy Ai 1/(2.0 n). These are the cluster candidates. Multiple (6) Combine clusters that share the majority of the members. (7) For every cluster, place the colour filter to cover the CRS marked by its members. Select all objects within this filter and the cluster boundary (defined as the smallest convex hole enclosing all Voronoi tessells of the members) as the final cluster members. (8) Discard clusters with fewer than seven members. The above procedure is sensitive to clusters that are truncated by the field boundary if at least seven cluster galaxies have Voronoi cells with edges that do not intersect the field boundary. In contrast, those methods that match a pre-defined radial profile are ineffective. Clusters detected at the field boundaries are flagged in the on-line catalogue, since some of their parameters (e.g. richness and radius) reflect only the fraction of the cluster contained by the FSVS field.
Calibration of Cluster Redshifts
The redshifts of the clusters can be estimated empirically, using the colour of the CRS, if some of the clusters have known spectroscopic redshifts. Ideally, the spectroscopic redshifts should cover the whole redshift range accessible by the survey. However, only four galaxy clusters with published spectroscopic redshifts were originally covered by the FSVS data, which would provide only a restricted calibration sequence. To construct a continuous sequence, redshifts of five additional clusters were obtained through the service programme at the Wiliam Herschel Telescope using the ISIS instrument. Data reduction was performed using standard IRAF routines. The combined sample used for redshift calibration is listed in Table 2 .
The second challenge is to find appropriate point of reference within the colour distribution of the cluster members which would allow robust colour-to-redshift association independent of cluster richness. At low redshift, often the zeropoint of the CRS or the colour at a fixed magnitude along the CRS was selected as such a point of reference. However, the slopes of the CRS vary as a function of redshift and also as Figure 7 . The redshift calibration curve. "Cluster colour" refers to the colour of the colour-magnitude filter (defined by its horizontal upper limit) in which the cluster has been detected. It is also the maximum colour allowed for a member galaxy. Triangles indicate nine calibration points (FSVS clusters with spectroscopic redshifts) including corresponding error bars. To provide an independent test of the calibration sequence, 13 galaxy clusters with published V I magnitudes (Stanford et al. 2002 ) and spectroscopic redshifts have been included (asterisks). Dotted, dashed and dotdashed lines indicate 1σ, 2σ and 3σ limits respectively. a function of richness (Söchting 2002) , plus the uncertainty in the measurement of the slope increases with redshift because of the limited range of available magnitudes. For these reasons we use the colour C f l of the colour-magnitude filter (defined as the maximum colour covered by the filter) in which a cluster has been detected instead of the zero-point of the CRS. For the majority of the rich clusters both values agree very closely.
The resulting calibration function for a polynomial fit to spectroscopic redshifts as a function of colour for 9 FSVS clusters ( Figure 7) is
The redshift uncertainty, expressed as the standard deviation of the residuals of the calibration points, is σ = 0.030. The uncertainty of the cluster colour (∆C f l = 0.05) translates to a contribution of 0.004 to 0.013 in the redshift range 0.0 < z < 1.0. To provide an independent test of the redshift calibration, a sample of intermediate redshift clusters with published spectroscopic redshifts and V I photometric data has been selected from the Stanford et al. (2002) catalogue (Table 3 ). The distribution of the reference clusters (Figure 7) shows a redshift offset of 0.014 and a standard deviation of σ = 0.063. However, the uncertainty of the colour term for the reference clusters is very high (∆C f l ∼ 0.1) relative to the FSVS clusters, which benefit from millimagnitude photometric accuracy (one of the goals of the FSVS was to study microvariability). 
CLUSTER SAMPLE
The FSVS cluster sample consists of 598 galaxy clusters and rich groups with z < 1. The cluster detection method is morphologically unbiased, resulting in a sample of clusters with a wide range of spatial profiles. Figures 8 -11 give some illustrative examples of the morphologies found in the sample -radially symmetric or elongated, compact or extended. The corresponding colour-magnitude diagrams serve to give an impression of the richness and brightness of these clusters.
Richness distribution
For our purposes, we define the richness of a galaxy cluster as the number of galaxies found within its spatial boundary and the colour-magnitude filter in the magnitude range m3 < I < m3 +2, where m3 is the magnitude of the third brightest member galaxy. Although there are some similarities with the Abell richness definition, the above definition is unique for the FSVS clusters and cannot be directly translated into Abell richness. According to richness, a subsample of 395 poor (< 20 members) clusters has been separated from the main sample. 117 of the poor clusters are at relatively high redshift (z > 0.4) and due to cosmological dimming only the brighter part of the m3 < I < m3 +2 range is covered by our data. In such cases the richness is clearly underestimated. The disadvantage of the calculation of richness from only a relatively small colour selection is a discrimination against clusters with a high fraction of blue galaxies that will not contribute to the galaxy count. This then leads to underestimation of the richness. However, inclusion of all galaxies within the cluster boundary would require a background substraction. The richness measure would then become prone to the usually large uncertainty in the estimate of the counts of background galaxies at the cluster position. A global background correction, used in the majority of richness estimates, is not appropriate owing to very strong local variations as found by Valotto, Moore & Lambas (2001) and readily visible in the colour-magnitude diagrams of the example FSVS clusters (Figures 8 and 9 ). In both examples the areas of the clusters are very similar, but, in the first ex- Figure 8 . FSVS CL125535+270036 -a highly elongated, rich (richness = 49; see the text for definition) galaxy cluster at zest = 0.279, detected in Field 22. This cluster has very prominent substructure with galaxy groups tracing a filament-like structure. The cluster is ∼ 2.5h −1 Mpc by 1h −1 Mpc. Contours indicate the density of galaxies within the colour-magnitude filter of the cluster. The black polygon delineates the boundary of the cluster and asterisks denote its members. In the colour-magnitude diagram: asterisks denote galaxies that are identified as cluster members -they are within both the cluster boundary and the colour-magnitude filter (polygon); pluses denote galaxies within the cluster boundary but outside the colour-magnitude filter.
ample, the presence of multiple clusters at different redshifts produces a high local enhancement of the background galaxies. The richness measure adopted for the FSVS clusters can be considered as valid for the population of early-type galaxies in the clusters. Figure 12 illustrates the distribution of the richness of the FSVS clusters, divided into low and high redshift samples (where "low" signifies z < 0.4).
Redshift distribution
The 598 clusters detected in 21.75 deg 2 of FSVS data correspond to a mean cluster density of ∼ 28 deg −2 and have a mean redshift of z = 0.345 ( Figure 13 ). To compare our Figure 9 . FSVS CL125258+270556 -a highly elongated, rich (richness = 37) galaxy cluster at zest = 0.470, detected in Field 21. The cluster is ∼ 2.8h −1 Mpc by 1.5h −1 Mpc, but without the clumpiness of FSVS CL125535+270036. Although at higher redshift (zest = 0.470) its third brightest galaxy is only marginally fainter than in FSVS CL125535+270036, indicating higher intrinsic brightness. See the caption to Figure 8 for further details.
detection rate with, for example, those reported for SDSS data, which has a different depth, we need to consider the properties of the cluster luminosity function. The population of bright cluster galaxies (BCGs) is evident in the cluster luminosity function as a "bump" at bright magnitudes that rises above the luminosity function of other cluster members (Lin & Mohr 2004; Hensen et al. 2005) . As found by Hensen et al. (2005) , the luminosity function of low-and intermediate-richness clusters cannot be well described by a Schechter function when BCGs are included; this function provides acceptable fits only for the richer systems where the fractional contribution of the central galaxies to the LF is small. The presence of the BCG population allows a high rate of cluster identification even in surveys detecting only a few (brightest) members. Consequently, up to a certain redshift, two surveys which are different in depth will still allow similar cluster detection rates.
We compared the cluster density in the FSVS Cluster Catalogue with the cluster sample derived from the SDSS data using the Cut-and-Enhance method (Goto et al. 2002) . At z < 0.2 the density in the FSVS sample is enhanced relative to that from the SDSS data, since FSVS includes poor groups, which have few bright galaxies excluding them from the shallower limits of the SDSS. However, in the restricted redshift range 0.2 < z < 0.3, the cluster density of 6.3 deg −2 from FSVS is comparable to the 6.2 deg −2 found from SDSS data. In this transitional redshift range, the FSVS no longer allows the detection of poor groups but SDSS still has sufficient depth to see enough bright galaxies for positive cluster identification. At higher redshifts (z > 0.3), the shallower SDSS begins to miss the galaxies in the bright tail of the luminosity function leading to a rapid decline in the cluster detection rate. Consequently, to carry out a comparison of both samples at z > 0.3, the magnitude limit of the FSVS data would have to be restricted to match the SDSS. Instead, we deduce from the results at z < 0.3 that both algorithms have similar detection efficiency. Figure 11 . FSVS CL124755+255527 -a compact group at zest = 0.067 with a diameter of only ∼ 0.1h −1 Mpc, detected in Field 26. At such low redshifts (z < 0.1), the FSVS cluster catalogue does not contain very rich and/or extended clusters owing to the relatively small size of the fields and the method not allowing detection of galaxy clusters larger than the window described by the data. However, considerable numbers of poor and compact groups have been detected. Like FSVS CL124755+255527, many of these groups trace a very narrow CRS in the colourmagnitude diagram, indicating that they contain only galaxies of similar age tracing the metallicity sequence. Such structures are very interesting subjects for studies of the chemical evolution because clusters are assembled from them. See the caption to Figure 8 for further details. Note, however, that in the colourmagnitude diagram there is an "anomalous" asterisk outside the colour-magnitude filter. We have added it because, exceptionally, the brightest galaxy of the group is brighter than the bright limit of the filter.
The number of detected clusters N cl varies from field to field, ranging from 0 to 21. A small part of this variation is contributed by the difference in the limiting magnitudes arising from changes in observing conditions. However, the main contribution is due to the presence of voids and superclusters in the spatial distribution of galaxy clusters, also deduced from peaks in their redshift distribution if determined field by field. Figure 14 illustrates two examples of groupings For our purposes, we define the richness of a galaxy cluster as the number of galaxies found within its spatial boundary and the colour-magnitude filter in the magnitude range m 3 < I < m 3 + 2, where m 3 is the magnitude of the third brightest member galaxy. The dotted histogram corresponds to all clusters, the solid line with squares to low redshift clusters (z < 0.4), and the solid line with triangles to high redshift clusters (z 0.4). of FSVS fields with prominent peaks in the redshift distribution of clusters, suggesting the presence of filament-or sheet-like structures.
Contamination by spurious clusters
Chance projections of galaxies similar in colour could cause some spurious detections in the cluster catalogue. A visual examination of the images cannot provide a reliable and repeatable check of the physical reality of the detected clusters. To avoid ambiguity, the reality of a cluster is judged by the presence of both a local overdensity and a well-defined linear CRS.
The partial maximised likelihood of a cluster with a positive contrast above background is l(x; A) > 1.0
Adopting this value as a threshold to reject spurious clusters, we find a contamination level of ∼ 15% distributed across the whole redshift range.
We then use a chi-square statistic as a measure of whether the linear fit to the colour-magnitude distribution of cluster members is acceptable -that is, whether we can consider the presence of a CRS to be believable.
We fit a linear relation to the putative CRS by minimising
c 2006 RAS, MNRAS 000, 1-18 Figure 15 . Distribution of the "CRS probability," P CRS = Pr(χ 2 < χ 2 CRS ) for a χ 2 distribution with n − 3 degrees of freedom. The value P CRS ∼ 0.4 at which a miminum is seen is adopted as the threshold for a believable CRS.
where A and B are the coefficients of the linear fit, n is the number of cluster members and σi is adopted as the photometric error of the galaxy colour. The values of A and B are extracted directly from the standard minimum squares fit without apriori restriction. We shall denote the minimised value of χ 2 that results as χ 2 CRS . We then define a "CRS probability" as PCRS = Pr(χ 2 < χ 2 CRS ) for a χ 2 distribution with n − 3 degrees of freedom. We shall take values of this CRS probability above a specified threshold to indicate that the presence of a particular CRS is "believable." The observed distribution of the values of the CRS probabilities is shown in Figure 15 . There is a minimum in the distribution at PCRS ∼ 0.4, which, unlike the local minimum at PCRS ∼ 0.2, appears to genuinely mark a transition from generally decreasing to generally increasing. We cautiously but plausibly interpret the transition as being from predominantly spurious clusters (PCRS < 0.4) to predominantly real clusters (PCRS 0.4). We have therefore adopted the value of PCRS = 0.4 as the threshold.
Clearly, this χ 2 procedure is not statistically rigorous because the threshold of PCRS = 0.4 is set by judgement and also because of bias to the χ 2 -minimisation and calculation of PCRS that results from the imposition of the colour-magnitude filter. Nevertheless, the procedure provides a clearly-defined criterion for assessing whether a CRS is believable. We might find in future that the chosen threshold of 0.4 will need some revision.
Considering the lack of a reliable CRS to be an indication that a cluster is spurious, the contamination of the sample has been estimated to be ∼ 31%. Nevertheless, the level of contamination varies strongly with redshift. Figure 16 shows that very few of the higher redshift (z > 0.4) clusters are suspected of being spurious. Furthermore, many of the rejected clusters have a very high spatial likelihood (very high values of l(x; A)) suggesting that our test of the presence of a linear CRS is biased against rich, low-redshift clus- ters. The χ 2 CRS of these clusters is inflated by a large population of faint member galaxies occupying much broader colour-space. To overcome this limitation, only clusters with an "unbelievable" CRS combined with likelihood l(x; A) below the median are rejected. This parameter combination (CRS probability < 0.4 and l(x; A) < 3.28) rejects 12.8% of clusters as spurious. Figure 17 illustrates the overall rejection region that is defined by the restrictions on spatial likelihood and CRS probability (PCRS < 0.4 and l(x; A) < 3.28, or l(x; A) < 1.0). The overall contamination by spurious clusters is then estimated to be below 24%.
The FSVS cluster catalogue is dominated by poor clus-ters and groups that may lack central bright galaxies and that show small diversity in magnitude. Consequently, many of the clusters found to lack a strong CRS may still be real and the estimated contamination has to be considered to be an upper limit.
THE CATALOGUE
A wide range of parameters has been derived for every detected cluster. The catalogue given here, Table 4 , contains only the most basic information such as ID, position and estimated redshift. The FSVS cluster catalogue can be accessed at http://www-astro.physics.ox.ac.uk/∼iks/FSVScatalogue/ home.html with a further distribution planned to be through the NOAO data products pages at http://www.noao.edu/ dpp/ . The on-line version of the FSVS cluster catalogue contains the full information in the following columns: (1) number of the FSVS field in which the cluster has been detected; (2) identification, ID, of the cluster, formed from the survey name (FSVS CL) and the coordinates; (3) Right Ascension, RA, equinox J2000, of the cluster centre, defined as the mean position of its members; (4) Declination, Dec, equinox J2000, of the cluster centre, defined as the mean position of its members; (5) number of member galaxies, Nm, defined as the number of all objects found within the boundary of the cluster and falling within the colour-magnitude filter in which the cluster has been detected; (6) N all , number of all objects contained within the cluster boundary; (7) A cl , area occupied by the cluster in arcmin 2 ; (8) projected number density of member galaxies in arcmin −2 ; (9) BCG I magnitude of the brightest cluster galaxy; (10) m3, I magnitude of the third brightest member galaxy; (11) C f l , maximum colour of the colour-magnitude filter in which the cluster has been detected; (12) richness, Rm, of the cluster, defined as the number of galaxies found within its spatial boundary, its colour filter, and the magnitude range m3 < I < m3 + 2, where m3 is the magnitude of the third brightest member; (13) In addition to the tabular data, a set of complementary files can be accessed for every cluster. These files include: (1) an ASCII table of all objects contained within the cluster boundary, with a flag for objects which are cluster members, plus the coordinates of the cluster boundary points; (2) a contour plot of the galaxy number density in the cluster field with delineated boundary of the cluster and marked positions of the member galaxies; (3) a colour-magnitude diagram of objects within the cluster boundary and cluster members, plus the fit of the CRS.
SUMMARY
Clusters of galaxies are a powerful tool in the study of cosmological models. However, large uncertainties arise from our still limited understanding of cluster formation and evolution. The availability of appropriate cluster samples is the basic requirement for systematic and meaningful studies of the various processes involved in cluster formation and in their evolution with redshift. The properties of such samples would be: (1) a wide range of redshifts to resolve the evolutionary changes; (2) a wide range of masses in terms of both the number of member galaxies and gas content; (3) a variety of cluster morphologies; and (4) good accessibilty for follow-up observations. Fulfilling all of the above requirements, the FSVS cluster sample is exceptionally well suited to studying the formation and evolution of galaxy clusters.
The 598 clusters presented here have been identified using a fully automated, semi-parametric technique based on a maximum likelihood approach applied to Voronoi tessellation, and enhanced by colour discrimination. It is a morphologically-unbiased sample, containing structures with a wide range of richnesses and evolutionary stages, with a mean density of ∼ 28 clusters deg −2 , and spanning a range of estimated redshifts of 0.05 < z < 0.9 with mean z = 0.345. The contamination of the catalogue by spurious detections is estimated to be < 24% and restricted mainly to the subsample of the low redshift (zest < 0.4) groups and very poor clusters.
The redshifts are estimated assuming the homogeneity of the CRS for clusters at the same redshift. The redshift uncertainty of the estimated redshifts is σ = 0.03. The comparison with the galaxy clusters from Stanford et al. (2002) indicates that the estimated redshifts from the CRS could be slightly biased (an offset of +0.014).However, this offset could instead arise from the lower-quality photometry available for the Stanford clusters.
The catalogue here (Table 4 ) contains only the most basic parameters for every cluster and is intended simply as a quick reference. The full parameter list and all associated data will be released on-line through NOAO data products. The users of the FSVS cluster catalogue are advised to consult the on-line pages for any subsequent improvements (e.g. more accurate redshifts), changes, and data additions.
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